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Abstract 
This paper describes an online information management system (AORRA) that we are developing for the Great Barrier Reef 
Foundation (GBRF), in collaboration with State and Federal agencies in Australia, to automate the production and online 
publication of annual Reef Plan Report Cards. The Reef Water Quality Protection Plan is a collaborative program designed to 
improve the quality of water in the Great Barrier Reef through improved land management practices in reef catchments. The Reef 
Plan sets ambitious but achievable targets for water quality and land management improvements, and identifies actions to 
improve the quality of water entering the reef. The success of the plan is measured through Paddock to Reef and Marine 
Monitoring Programs and annual Reef Plan Report Cards that integrate information and report on land management practices, 
catchment indicators, water quality loads and the health of the Great Barrier Reef. This paper describes the technical challenges 
we faced in developing AORRA (Automated Online Reef Reporting Application) – including the integration of heterogeneous 
monitoring datasets, the derivation of meaningful indicators and the generation of report card products that data about complex 
spatio-temporal environmental processes to a non-technical audience. 
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1. Introduction 
The Reef Water Quality Protection Plan (Reef Plan) [1] is a collaborative program designed to improve the 
quality of water in the Great Barrier Reef region though improved land management in reef catchments. It is a joint 
Australian and Queensland Government initiative that specifically focuses on non-point-source pollution - where 
irrigation or rainfall carries pollutants such as sediments, nutrients and pesticides into waterways and the reef 
lagoon. The Reef Plan sets ambitious but achievable targets for water quality and land management improvements 
and identifies actions to improve the quality of water entering the reef. Specific targets include the following: 
x Water quality targets 
o By 2013, there will be a minimum 50% reduction in nitrogen and phosphorus loads at the end-of-
catchments; a minimum 50% reduction in pesticides at the end-of-catchments; a minimum 50% late 
dry season groundcover on dry tropical grazing land. 
o By 2020, there will be a minimum 20% reduction in sediment load at the end-of-catchments. 
x Land management targets 
o By 2013, 80% of landholders in agricultural enterprises (sugarcane, horticulture, dairy, cotton and 
grains) will have adopted improved soil, nutrient and chemical management practices; 50% of 
landholders in the grazing sector will have adopted improved pasture and riparian management 
practices; there will have been no net loss or degradation of natural wetlands; the condition and extent 
of riparian areas will have improved. 
The success of Reef Plan is monitored through: 
x The Paddock to Reef Integrated Monitoring, Modelling and Reporting Program [2] – this program is managed 
by the Department of Natural Resources and Mines (DNRM) and records data on land management practices, 
catchment indicators and water quality loads in the 35 reef catchments. 
x The Reef Rescue Marine Monitoring Program [3] – this program is managed by GBRMPA and monitors the 
condition of water quality and the health of key marine ecosystems (coral reefs and intertidal seagrass) in the 
inshore Great Barrier Reef lagoon. 
x Reef Plan Report cards [4] – data from the Paddock to Reef and Marine Monitoring Programs is combined to 
produce an annual report card that provides an annual assessment of progress towards Reef Plan’s goals and 
targets. The decision to adopt a report card approach was based on past experience [8] [11] that indicates that 
report cards provide a highly effective approach to communicating the results of environmental assessments and 
to environmental management and decision making. 
The First Reef Plan Report Card [4], released in August 2011, provides an important baseline, reporting on the 
period July 2008-June 2009. Subsequent report cards measure progress against the First Report Card. The second 
Reef Plan Report Card, published in April 2013, reports on the period July 2009-June 2010. The third report card 
released in July 2013, reports on the period July 2010-June 2011. Currently there is a two year delay between each 
Reef Plan reporting period and the publication of the corresponding Reef Plan Report Card. Moreover, the process 
of assimilating all of the various datasets, producing the graphics and generating the report card is largely 
undertaken manually by staff from the data provider organizations and the Reef Plan Secretariat. It is anticipated 
that the adoption of more standardized processes and data formats, a Web environment, secure online databases and 
programmatic workflows would greatly reduce the time delay, minimize the effort and costs involved and improve 
the quality and validity of the results associated with the production of the Reef Plan Report Cards. 
2. Objectives 
The objectives of AORRA (Automated Online Reef Reporting Application) are to develop an innovative online 
information management system that will streamline the production of the online Reef Plan Report Cards – and at 
the same time improve the quality of the data, identify gaps in the data, improve accessibility to the data 
underpinning the report cards, document the provenance and validity of the results, inform policy makers and 
resource managers and preserve the data for future long term use. In order to achieve these high level aims, the first 
step involved undertaking a detailed analysis of the current report card production process and the datasets that are 
aggregated to produce the report cards. This involved identifying and documenting: 
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x The workflows involved in generating the annual Reef Plan Report Card; 
x The (land practice, catchment and marine) datasets/databases that are captured, processed, integrated and 
analysed to generate the Reef Report Cards; 
x The indicators that are used to assess land management practices, water quality and eco-system health (label, 
definition, units, targets) and the methods for calculating these indicators; 
x The raw data, summary data and derived data sets that are used to generate the Report Cards; 
x The analytical and processing tools that are used to generate summaries, trend analyses, charts and graphs that 
are incorporated in the Report Cards; 
x The steps that require manual and/or subjective input from experts based on their personal knowledge and 
experience; 
x The modelling software and associated input and output datasets (plus metadata and versioning information) 
associated with the paddock and catchment models; 
x The different types of reports and required formats e.g., the Summary Report, Technical Report, Regional 
Reports and Tier 1 and Tier 2 reports are required in both PDF and HTML format; 
x A Common Data Model to support the integration of the multiple datasets from a variety of sources and 
organizations. This data model will define the core/common set of classes and properties across the various 
databases, as well as the inputs and outputs of the various processing, modelling and publishing steps involved 
in producing the report cards; 
x The Technical Architectural Design - the technical platform and components necessary to integrate the datasets, 
analytical and processing services and reporting and visualization services required to generate online Reef 
Report Cards. 
The remainder of this paper is structured as follows. Section 3 describes the current format of the Reef Plan Report 
Cards. Section 4 describes the current methodology for generating the report cards. Section 5 describes the common 
data model, developed via the analysis of the different data sets. Section 6 describes the Technical Architecture. 
Section 7 describes the future challenges and we finish with a brief conclusion in Section 8. 
3. Current Report Card Format 
3.1. Tier 1 Report Card 
Tier 1 provides summaries of the Report Card results both for the entire Great Barrier Reef (GBR) as well as for the 
six main regions (Cape York, Wet Tropics, Burdekin, Mackay Whitsunday, Fitzroy and Burnett Mary). The Tier 1 
GBR-wide report includes reports on the monitoring data for three aspects: 
x Land practice results – this section presents the extent of adoption of: cutting edge (A), best practice (B), 
common practice (C) and unacceptable practices (D), by farmers in the sugarcane, horticulture and grazing 
sectors. Within the sugarcane, grains and horticulture sector, best practice adoption is further refined by 
analysing adoption of best practice in the use of nutrients, herbicides and soil. 
x Catchment results – this section includes assessment of the wetland loss, riparian vegetation loss and ground 
cover loss. It also includes a measure of the catchment loads of total nitrogen, dissolved nitrogen, total 
phosphorus, dissolved phosphorus, total suspended solids and pesticides – both from natural processes as well 
as from human activity. 
x Marine results – this section presents the results from the Marine Monitoring Program and includes assessment 
of inshore water quality (total suspended solids, Chlorophyll-a and pesticides), intertidal seagrass condition 
(abundance, reproduction and nutrient status) and inshore coral reef condition (cover, macroalgae, juvenile and 
settlement/change). 
The reporting results include both graphics (bar charts and pie charts) and summary text that explains the 
meaning of the graphics. In addition to the results, both the GBR-wide report and the regional reports include Key 
Findings and Summary of Progress. The regional reports also include Regional Profiles (e.g., regional land use) and 
maps that show the monitoring sites (See Figure 1 below). 
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Fig. 1. Example of Tier 1 Report Card [10] 
3.2. Tier 2 Report Card 
The Tier 2 report card provides a more detailed Technical Report [5] that includes an Executive Summary, 
Introduction, Management Overview, Methods, GBR-wide report and six regional reports. Both hard-copy and 
online PDF versions of the Tier 2 Report Card are produced. The Technical Report includes additional information 
not included in the summaries: 
x The number of cane growers, graziers, horticulture producers and areas of land that have adopted cutting edge 
(A), best practice (B), code practice (C) and unacceptable practice (D). 
x The total riparian buffer areas – as well as absolute and percentage area that is forested, non-forested high 
groundcover, non-forested low ground cover and area of riparian clearing. 
x The extent (hectares) of wetlands that is vegetated freshwater swamp, mangroves/salt flats and cleared/lost. 
x The groundcover indices (<30%, 30-50% and >50%) for each region and the entire GBR. 
x The total, anthropogenic, target and natural catchment loads (total suspended solids, dissolved inorganic 
nitrogen, dissolved organic nitrogen, total nitrogen, particulate nitrogen, dissolved inorganic phosphorus, 
dissolved organic phosphorus, particulate phosphorus, total phosphorus, pesticides/photosystem inhibiting 
herbicides. 
x Annual freshwater discharges for major Great Barrier Reef catchment rivers. 
x Chlorophyll-a, suspended solids, pesticide, seagrass status and coral status for both the whole GBR and regional 
marine areas. 
4. Current Methodology 
4.1. Land Management Practice Data 
Staff from DNRM (Dept. of Natural Resources and Mines) acquire data from multiple sources including: monitoring 
surveys, industry reports, Reef Rescue project data, expert opinion and training data. It involves synthesizing: 
x reports from AgForce, Meat and Livestock Australia, GrowCom, GHD/Canegrowers; 
x surveys from the Australian Bureau of Statistics, Dalrymple, BSES; 
x data from GHD reports, Growcom and Grains BMP; 
x regional expert opinion from working groups and expert panels. 
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The data provides quantitative measures of the adoption of best practice land management practices by sugar 
cane farners, graziers (in Burdekin and Fitzroy), horticulturalists (and grain producers in Fitzroy) by percentage and 
land area – for each region. DNRM staff aggregate the data into spreadsheets and word documents and email them 
to the Reef Secretariat for further processing to generate graphs, maps and tables to be incorporated within the 
Report Card. 
4.2. Practice Effectiveness 
Staff from DNRM, CSIRO and Reef Catchments are responsible for this component of the Report Card – which 
provides four case studies that demonstrate how land management practices can improve the quality of water 
flowing to the Reef: 
x Sugarcane farmers reducing run-off; 
x Banana farming for better water quality; 
x Learning the economics of land management; 
x Central Queensland grain growers implementing best practices. 
Data associated with the (four) case studies and associated paddock sites will be reported in Report Cards 3 onwards 
- providing a measure of practice effectiveness. 
4.3. Catchment Indicators 
Three catchment indicators, that have a major impact on the quality of the water that flows from the paddock to the 
reef, are assessed for the 35 catchments that flow onto the GBR. These are: 
x Riparian vegetation – changes in riparian vegetation extent are measured/calculated by analysing remote 
sensing satellite imagery 
x Wetlands extent – the changes of wetland extent are calculated by analysing satellite imagery as well as 
topographic and wetland regional ecosystem data. Wetlands loss is categorized by type. Both the loss of each 
type of wetland and the total wetland loss (extent and percentage) is reported. 
x Groundcover – percentage of regions with vegetative groundcover is calculated from Landsat imagery from 
Geosciences Australia and USGS.  
Currently staff from DSITIA (Dept. of Science, Information Technology, Innovation and the Arts) provide the Reef 
Plan Secretariat with 35 Excel spreadsheets (one for each of the 35 catchments), that record the indicators for all 
catchments. 
                        Table 1. Regions and Associated Catchments  
Region Catchments 
Cape York Endeavour, Jeannie, Normanby, Stewart, 
Lockhart, Olive-Pascoe, Jacky Jacky 
Wet Tropics (Herbert) Daintree, Mosman, Barron, Mulgrave 
Russell, Johnstone, Herbert, Tully, Murray 
Burdekin Black, Burdekin, Don, Haughton, Ross 
Mackay Whitsunday O’Connell, Pioneer, Plane Creek, 
Proserpine  
Fitzroy Boyne, Calliope, Fitzroy, Shoalwater, Styx, 
Water Park Creek 
Burnett Mary Baffle Creek, Burnett, Burrum, Kolan, Mary 
4.4. Catchment Loads 
This aspect of the report card provides the following information for both the Great Barrier Reef Region and each of 
the 6 sub-regions (Burdekin, Burnett Mary, Cape York, Fitzroy, Mackay Whitsunday, Wet Tropics): 
x Catchment pollutant loads 
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x Data tables listing the total, natural and anthropogenic load and load reduction for each pollutant for the 
region and each catchment.  
x Bar graphs showing the total, natural and anthropogenic load and load reduction for each pollutant for the 
region and each catchment. 
x The overall progress towards the targets (e.g. per cent reduction of the catchment pollutant load for 
Nitrogen, Phosphorus, Sediments, Pesticides). 
DNRM currently provide the data to the Reef Secretariat in the form of CSV files and Excel spreadsheets. 
4.5. Marine Data 
The Marine Monitoring Program monitors 4 different types of data: inshore water quality, intertidal seagrass, 
inshore coral reef monitoring and flood plume dynamics. This data is collected through a collaborative effort 
involving: the Great Barrier Reef Marine Park Authority (GBRMPA), Australian Institute of Marine Science 
(AIMS), the University of Queensland, James Cook University, Dept. of Employment, Economic Development and 
Innovation (DEEDI) and CSIRO. Water quality monitoring is carried out by measuring the concentrations of 
nutrients, sediment and pesticides using traditional water sampling methods, satellite remote sensing technologies 
and state-of-the-art sensors with long-term data logging capacity. Pesticides are monitored at 14 sites by UQ Entox 
(National Research Centre for Environmental Toxicology) using in-situ samplers. A PSII herbicide equivalent index 
(PSII-HEq) is calculated from this data and used as an indicator of herbicide concentrations in inshore waters. The 
concentration (ng/L) of the following nine pesticides are measured: Ametryn, Atrazine, DE atrazine, Diuron, 
Flumetron, Hexazinone, Prometryn, Simazine and Tebuthiuron at the 14 monitoring sites. Monitoring of seagrass 
meadows is carried out at 16 sites between Hervey Bay and Cooktown to identify changes in the status of seagrass 
meadows that are linked to changes in water quality. Monitoring of coral reefs is undertaken by AIMS from about 
27 coral reef sites using video records of the cover of corals and other benthic (bottom-dwelling) organisms, and by 
assessing coral recruitment rates (juvenile density and settlement of coral larvae), macro-algal cover and community 
composition (combined hard and soft coral cover). The key indicators that are derived from the field observations 
and measurements are: 
x Coral cover - a measure of the abundance of coral in test locations.  
x Coral change - a measure of change in relation to coral cover at the same location the previous year.  
x Macroalgal cover - a measure of the abundance of large fleshy algae. High abundance of algae is an 
indicator of poor water quality. 
x Coral juvenile density - a measure of the abundance of corals less than 10cm in diameter. 
Marine water quality results are presented as simple “beer coasters”, as shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Method of Reporting on Marine Regional Health 
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5. Common Data Model 
An analysis of the datasets underpinning the Reef Plan Report Card, has enabled us to generate a common data 
model that can be used to enable the integration of disparate datasets from a wide range of contributing 
organizations, into a common database. Figure 3 provides a graphical overview of the key classes and properties in 
the common data model we defined for describing the indicators, their properties and relationships, associated with 
each region and the GBR-wide area. 
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Fig. 3. The Common Data Model used to Integrate the Report Card Datasets 
6. Technical Architecture 
Based on the analysis of the current workflow, we have developed a Technical Architecture for AORRA (Figure 4). 
A Web Portal provides a secure login for contributors and data providers to the Reef Report Card. Once logged in, 
contributors can upload their files (Excel spreadsheets, CSV files, images, text files, shape files, word templates, 
HTML templates) (which must be named appropriately), attach metadata and save them to an allocated folder using 
AjaXplorer for the Content Management System (CMS). Folders have been set up for: Land Management Practice, 
Practice Effectiveness, Catchment and Marine results as well as for the Report Cards for each year, the entire GBR 
and for each region/catchment. Additional folders have been established for the Report Card components, for the 
GBR, each region and each year. Java scripts have been developed to generate the graphics (eg beer coasters, etc). A 
mapping interface is being developed to support: 
x Querying and visualizing the results by region, catchment, site and year; 
x Spatio-temporal animations that illustrate how the catchment indicators (riparian vegetation, wetlands extent 
and groundcover) vary over time. 
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This requires the automated migration of the data from the uploaded spreadsheets into a fully indexed scalable 
database (PostGreSQL with PostGIS indexing) and GeoServer for efficient retrieval and delivery of mapping 
information. 
 
Fig. 4. Technical Architecture of the AORRA System 
7. Challenges 
There are a number of outstanding technical challenges that impact on our ability to fully automate the generation of 
the report cards. More work is required on these issues to ensure that the automation process is optimized and that 
high quality report cards, based on comprehensive, precise and timely data are generated: 
x The lack of agreed standards for measuring, collecting, capturing and deriving the data. This includes standards 
for data formats, data units and metadata. These tend to vary across organizations, making the data integration 
and synthesis step more complex; 
x Quality of the Data – in some areas the data is very sparse or of dubious reliability/certainty. Further effort is 
needed to identify gaps in the data and quality issues to improve the completeness and precision of the data; 
x Quality of the methodology – more effort is required to develop better algorithms for analysing remote sensing 
images to provide more accurate measures of Chlorophyll-a and TSS, photic depth, benthic data etc. 
x Changes in indicators and methods for calculating indicators – the precise metrics, indicators, methods for 
calculating indicators and for reporting them are not stable. Whilst the methods underpinning the report card are 
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not fixed, the development of an automated system will demand a certain level of flexibility to enable future 
refinement and extension. 
x Duplication of data. Some of the data stored within the AORRA system is duplicated in other agency databases. 
Ideally programmatic (Web service) interfaces between AORRA and these data provider agencies will become 
available in the future, so we can retrieve data dynamically from remote sources. 
8. Conclusion 
The AORRA system is still under development but already indications are that it will greatly reduce the time and 
effort required to generate each annual report card and will improve the quality and reliability of the data 
underpinning the Reef Plan Report Cards. AORRA will enable the streamlined generation of future report cards as 
well as the long term archival and accessibility of past report cards and the data underpinning them. Moreover by 
adopting mobile and Web technologies such as Google Maps/Earth, iPads and Smart Phone technologies, mobile 
access to the Report Cards will be available to a much greater audience. The sophisticated visualizations provided 
by AORRA, will enable a wider audience to acquire a better understanding of how anthropogenic factors impact on 
the health of the Great Barrier Reef and will enable more informed decisions by policy makers and resource 
managers. 
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